This research aims at providing the basic database for reasonable treatment of electrolytic manganese anode slime by comparing its composition, phase and crystal structure before and after the specific treatment. To describe original samples' surface physical and chemical characteristics, X-ray fluorescence (XRF), Flame Atomic Absorption Spectrometry (FAAS), X-ray diffraction (XRD), Scanning Electron Microscope and Energy Dispersive Spectrometer (SEM-EDS) and TG-DTA were used. Then, used XRD and SEM-EDS to describe the system features and characterization of the anode slime performed by Washing-Roasting. Through application of XRF and FAAS, element content in anode slime and the source of each element were analyzed. The results show that the original samples of anode slime mainly contains Mn, Pb, Ca, Se and Sr and averagely the contents of manganese and lead are 47% and 7.46%, respectively. XRD analysis shows that main phases of the anode slime are KxMn8O16,MnO2,PbMn8O16 and Pb2Mn8O16, and MnO2 in the slime has a mixed crystal structure of α-MnO2,β-MnO2,γ-MnO2,δ-MnO2. SEM-EDS analysis indicates that the anode slime has dense "mineral" phase. TG-DTA/DTG analysis shows that at the temperature of 0 ~ 573 , water in -MnO2 lattice is desorbed; 573 ~ 655 , MnO2 starts to lose oxygen and turn into Mn2O3; 900 ~ 1000
Introduction
Manganese and its compounds are important modern industrial raw material, and widely used in metallurgy, chemical industry, battery, electronics and environmental protection industries. Recently, with the rapid development of electrolytic manganese industry in China, the scale of electrolytic manganese production capacity reaches at 2,400,000 t/a, and the actual annual output is around 1,200,000 t/a, the equipment utilization is 50%, which obviously suggests it has excess production capacity [1~2] . But due to the limits of technology and lack of environmental protection consciousness, the electrolytic manganese industry cause many environmental problems, although it promotes economic development [3~4] . In the production of electrolytic manganese metal, lead tin alloy material is used as anode plate, due to 1 tons of electrolytic manganese will produce 0.05 ~ 0.08 tons of lead anode slime, over 60,000 tons of electrolytic manganese anode slime is produced in domestic. Y.M.Zhou and H.Yan .et al.
[5~6] studied the formation mechanism and the composition analysis of anode slime, and J.G.Tang [7] simply analyzed the technological mineralogy characteristics, the formation and the source of impurities of electrolytic manganese anode slime. Because the systematic studies on electrolytic manganese anode slime are very few at present, and the majority mainly focus on the primary utilization, which is based on destroying the original phase structure and consequently lead to high consumption and secondary pollution. In order to provide basic data for reasonable way of processing and using electrolytic manganese anode slime, this research focuses on electrolytic manganese anode slime and develops systematic investigation on components, phase and changing of crystal structure of electrolytic manganese anode slime before and after treatment.
Experimental Methods

Materials
Manganese anode slime (from Domestic Manganese Plant)
Analysis of test equipment.
The main experimental apparatus: box-type energy-saving electric resistance furnace and rod mill. Major analytical instruments are shown in Table 1 Main analytical instruments. 
Pretreatment and characterization
Electrolytic manganese anode slime was washed with tap water many times to remove soluble ingredients. After grinding electrolytic manganese anode slime in the mechanical rod mill for 30 min, add a small amount of dodecyl benzene sulfonic acid sodium into the mill, filter it in the acid pickling, then wash the mixture to neutral state with water, finally dry filtered sample at 103 in vacuum drying oven for 2 hours. Through leaching the roasted anode slime of over 200 mesh to remove impurities, the sample was saved in the drying chamber for further use.
Took a certain amount of anode slime after pretreatment, used XRF, SEM-EDS and XRD to analyze content of the elements, surface structure and phase characters of anode slime; in addition, used TG-DTA to analyze phasetransformation on the heating process of anode slime [8] .
2.Heat-treatment and characterization
Take a certain amount of anode slime after pretreatment into the box-type energy-saving electric resistance furnace, set the roasting temperature at 500 600 ,700 , 800 and 900 respectively and heating rate at 4 /min under the condition of natural ventilation, natural cooling, use XRD to analyze phase characters of anode slime treated by different roasting temperature and use SEM to describe the appearance characteristics of anode slime roasted at 800 and 900 respectively.
The specific process was as follows. Fig. 1 The process of the experiment
Results and analysis
Characterization of anode slime after pretreatment
Elemental Analysis
After water-washing pretreatment, impurities and oil are removed. Screen the processed anode slime over 200 mesh, dry it at 103 and the major elements are analyzed by XRF. Fig. 2 The major element of anode slime after pretreatmentshows the major elements in anode slime after pretreatment, it could be seen that the main elements in anode slime are mainly Mn, Pb, Ca, Sr, Se. Flame Atomic Absorption Spectrometry indicates the average content of each elements is shown at Table 2 . The content of Mn is around 45.80%~48.50%, and Pb (which means impurities in the anode slime) is around 7.36%~7.55%. Fig. 2 The major element of anode slime after pretreatment 2. XRD Analysis Fig. 3 shows the peak pattern of anode slime is very wide, suggesting that the anode slime belongs to amorphous compounds, and the structure of anode slime is very complex. Preliminary matching mainly determined by peak position, shows that the main phases of anode slime are K2-xMn8O16, MnO2, PbMn8O16 and Pb2Mn8O16.
Through the match with standard card of α-MnO2, β-MnO2, γ-MnO2 and δ-MnO2, the 2θ located in 24.68 ,37.22 ,42.44 and 56.72 belongs to the characteristic peak of the crystal form of α-MnO2; the 2θ located in 28.60°, 41.00°, 42.72° and 72.74° belongs to the characteristic peak of the crystal form of β-MnO2; the 2θ located in 22.64°, 34.68°, 37.22°, 38.88°, 56.60°, 57.80°, 65.60° and 68.90° belongs to the characteristic peak of the crystal form of γ-MnO2; the 2θ located in 12.50°, 25.00° and 37.50° belongs to the characteristic peak of the crystal form of δ-MnO2. Therefore, the MnO2 of anode slime should be composed of mixed crystal structure including α-MnO2, β-MnO2, γ-MnO2 and δ-MnO2.
[9~11]
In addition, the XRD spectrum is disorder, peak type is wide, crystallinity of anode slime is not high. It shows that diffraction analysis of MnO2 in anode slime is amorphous phase spectrum characteristics. At the same time, it reflect that the α-MnO2 δ-MnO2 and γ-MnO2 which has the space tunnel structure adsorb and accommodate Pb and K, all of them take shape in a typical colloidal system, they are in the anode slime with a similar " coronadite " phase. Fig. 4 . shows the particle size of anode slime after water-washing, oil removal and ball-milling in a wide range of sizes. In addition, EDS analysis shows that the mainly impurities in the anode slime treated by water-washing is Pb. Fig. 4 Anode slime after pretreatment SEM-EDS analysis 4. TGA Analysis Take a certain amount of anode slime after pretreatment to be analyzed by TG-DTA, the weight of the test sample was 4.495 mg, the heating rate was 2 /min, and all the process conducted in the air atmosphere. As shown in Fig. 5 . The anode slime loses the bound water of the crystal and produces thermal effect when the temperature reaches at 338 . At the same time, it starts to have crystal transformation with the increase of the temperature, and slowly loses part of the oxygen of the lattice structure due to the MnO2 transformed into Mn2O3. When the temperature reaches at 573 , the structure of MnO2 crystal changes, the unstable phase transforms to stable phase, and the massive MnO2 transforms into Mn2O3 at the point of 589 which is the peak of DTG. The Mn2O3 start to transform into Mn3O4 when the temperature reaches at 957 [12~13] . The mainly reaction is as follows: MnO2·nH2O→MnO2 crystal transformation →Mn2O3→Mn3O4 
Fig. 3 XRD analysis of anode slime after pretreatment 3. SEM-EDS Analysis
Characterization of anode slime after roasting
XRD analysis
Take a certain amount of anode slime into the box-type energy-saving electric resistance furnace, set the temperature with the heating rate at 4 /min, heat preservation time for 3.0 hours, and cool the anode slime at room temperature.
As shown in Fig. 6 , the peak position and peak intensity of the anode slime after roasting at 500 ~800 basically tallies with the standard card of Mn2O3, it shows that the MnO2 has transformed into Mn2O3 at this temperature range. A smaller diffraction peak is present to the peak of anode slime after roasting at 500 and 600 when the 2θ was located in 28.00°. However, no peak position shows on the standard card of Mn2O3 for the crystallinity in anode slime after roasting at 500 and 600 is lower than the anode slime after roasting at 700 , and the transition level of crystal form is lower, and do not exclude the reason of the Pb (impurities) in the crystal structure of Mn2O3. After the single peak searching, the peak position is determined to belong to PbOx (1<x<2). The peak position of the anode slime after roasting at 700 and 800 absolutely matches with the standard card of Mn2O3, but the peak pattern of 800 is keen, the peak intensity is higher than 700 , and the crystal form is more stable.
In addition, through the characteristic peak analysis by XRD, it speculates that the crystal form of the crystal subject of Mn2O3 has been changed and recombined, because the difference of ion valence and ionic radius in Pb which did not participate in lattice composition and only occupy the crystal defect location. On the other hand, the peak position of the anode slime after roasting at 900 has migrated. Through the XRD analysis, the peak position and peak intensity absolutely tallies with the standard card of Mn3O4, and the peak pattern is keen, which indicates that the manganese oxides of anode slime after roasting at 900 has transformed into Mn3O4, and have relatively high crystallinity. or 900 , heat preservation time 3.0 h, cool down at room temperature.
As shown in Fig. 7 .The particle size is different from the original anode slime, which may be the reason of different sizes of the accumulation of the anode slime after roasting at the temperature of 800 and 900 .
SEM-900-Total SEM-800-Total Fig. 7 SEM analysis of the anode slime after roasting at the temperature of 800 and 900 (1) As shown in Fig. 8 SEM analysis of the anode slime after roasting at the temperature of 800 and 900 (2) . Through the morphology analysis of micro-area of the anode slime after roasting at the temperature of 800 and 900 , the dense "mineral" phase of the original anode slime had been destroyed, and the crystal form of the phase in the original anode slime had transformed, and the two of them took shape of micro reticular porous structure, which led to a migration channel for the impurity ions to leach. Obviously, the subject of the crystal in the reticular structure and the pore diameter of the anode slime after roasting at the temperature of 800 is smaller than roasting at the temperature of 900 , but the dense "mineral" phase keeps better than roasting at the temperature of 900 . 
Conclusions
The results of XRF and FAAS shows that the anode slime mainly contains elelments of Mn, Pb, Ca, Se and Sr, and manganese content is 47% on average, and lead 7.46%. XRD analysis shows that possible phases of the anode slime are KxMn8O16,MnO2, PbMn8O16 and Pb2Mn8O16, and aslo MnO2 in the slime has a mixed crystal structure of α-MnO2,β-MnO2,γ-MnO2 and δ-MnO2. SEM-EDS analysis indicates that the anode slime has dense "mineral" phase. TG-DTA/DTG analysis shows that during the temperature of 0 ~ 573 , water in δ-MnO2 lattice is desorbed, 573 ~ 655 , MnO2 began to lose oxygen and turn into Mn2O3; 900 ~ 1000
Mn2O3 lost oxygen and turned into Mn3O4; XRD analysis of the anode slime after roasting at the temperature of 500 , 600 , 700 , 800 and 900 shows that lead ion does not participate in the crystal lattice composition of the anode slime after roasting at the temperature higher than 700 . At the same time, the crystal form of the anode slime after roasting at the temperature of 800 is more stable than that of 700 . The manganese oxides of anode slime after roasting at 900 has transformed into Mn3O4.
The dense "mineral" phase of the original anode slime has been destroyed after roasting at the temperature of 800 and 900 , and two of them take shape of micro reticular porous structure, lead to a migration channel for the impurity ions to leaching, but the channels in the anode slime become looser after roasting at the temperature of 900 .
